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INTRODUCTION 


The ease of ignition and violence of explosion of Utah coal dusts, to- 
gether with the large volumes of methane given otf in some of the mines of 
the State, made it imperative to abandon obsolete equirnment and obviously 
hazardous vractices for up-to-date equipment and safer methods of mining if 
reasonable ‘progress were to be attained in fire and explosion prevention. 


Although much can still be done to improve safety conditions in Utan 
coal mines, considerable pEseres® has been made in the past 10 years. 


The fundamentals of such progress include increased use of permissible 
electrical equipment in gassy mines, closed lights, rock-dusting, more 
liberal use of water at the face, better ventilation, permissible explosives 
fired clectrically both within and without the inine, partial inhibition of 
blasting while the shift is in the mine, 100-percent first-aid training, in- 
creased sunervision and inspection, and mass safety meetings. 


See ee: A SR Se a eS ee oe oe ee oe On 


1 The Bureau of Mines will welcome revr inting | of this paper, provided tae 
following footnote acknowledgment is used: "Reprinted from U. S. Bureau 
of hiines Information Circular 6837." 

2 District engineer, U. Se Bureau of ines Safety Station, Salt Lake City, 
Utah. 
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Virtually all small or "yvagon' mines, chiefly those with relatively 
shallow workings of the so-called nongassy type, still cling to open lights = 
and black blasting powder. 


Many other coal mines of the United States also use black blasting powder. 
and open lights notwithstanding the numerous hazards incident to their use 
and contrary to the teachings and recommendations of the United States Bureau 
of Mines and of others who have the real well-being of the coal miners of the 
United States at heart. As with rock-dusting, lighting, and other meritorious 
safety measures and equipment, the coal-mining industry as a whole has been 
slow to adopt safer and more economical methods of blasting. 


The use of black blasting powder in Utah coal mines is limited, and its 
use for blasting in any mine is absolutely inexcusable, whether in Utah mines 
or those of any other State in the wutoMs and must of necessity invite dis-— 
astere 


Between 5 ané 6 percent of all fatalities in .coal mines of the United 
states have been caused directly by explosives; at times Utah has been a far 
too generous contributor to -this reoond,. responsibility far which no one is 
willing ome e ‘ OB Me Ak. A So 1 EE ee 

On bay dl 1900, 200 or more men , warsdeilied in Utah's ecoateat coal-mine 
disaster, following an explosion initiated either by blasting while the shift 
was in the mine or by the ignition of a quantity of black blasting powder by 
an open light. dAgain,- in 1930 six fatalities .in Utah .cqal mines resulted | 
directly from explosives; the details of explosives accidents will be dis- 
cussed later. 
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BLASTING METHODS 


The introduction into Utah coal mines of permissible ‘explosives, fired 
electrically, has been one of the most progressive steps toward increased 
safety, and the industry is to be commended therefor. It is believed that 
no coal-producing State equals and. ectvarnhy none ea alas Utah in safety 
in blasting practices. : 


Electrical blasting has been in effect in some Utah coal mines for more 
than 40 years and in all of the larger Utah coal mines since 1924; compara- 
tively few accidents have resulted from the usc of explosives in these minese 


Before July 1, 1924, some Utah coal mines blasted whenever occasion 
demanded, while the entire shift was underground, the miners firing their 
own shots at any time during the shift. For many years several coal mines 
rave fired all shots electrically from the surface while all persons, in- 
cluding shot firers, were out of the minc. 
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As the result of a conference of company officials, the Utah Industrial 
Commission, and representatives of the United States Bureau of Mines the 
following rule was adopted in 1924: 


In all coal mines in Utah in which 3 or more men are employed on 
any 1 shift, all shots shall be fired clectrically by authorized shot- 
firers when all men, except the shotf.irers, are out of the minee 


This rule, as well as that requiring the use of permissible explosives 
in permissible quantities which was formulated at the same time, is now part 
of the State regulations with the force of State law, but in 1932 a ruling 
was issued authopizing blasting by Cardox during the working shift’ and in 1934 
was confirmed aoees a pubiie hearing by the Industrial Commissions 


Since 1924 two prineial methods of electrical blasting have been em- 
ployed — firing all shots simultaneously from the surface with all men, in- 
cluding shot firers, out of the mine and firing one or more shots at a time 
by means of a battery or blasting machine with shot firers underground. The 
advantages and disadvantages of these two methods have been discussed widely; 
the apparent tendency in late years is to favor the latter method, with the 
shot firers underground, largely for reasons of economy in connection with 
mechanized mining bagues peviously more pete Rtouae 


The data presented exe compare the two re of blasting, empnasize 
the safer-and more economical one, and at eae by inference call attention 
to the neeeee ne the less sate OnCe : 


The sueeiiee of aiieving miners to blast at any ime aes the shift, 
with 3 or more men underground, is illegal at present, except when blasting 
with Cardox, and is unquestionably more hazardous and probably in the long 
run more expensive than. cither of the 2 methods of blasting now employed by 
most’ of Utah's peRECE mineSe 


SURFACE FIRING . 


The method of firing electrically from the surface by means of a master 
switch is essentially as follows: Firing lines are installed from the source 
of power on the surface to within a short distance of the working face and, 
as a rule, the conductors are well-insulated; further protection is afforded 
by several switches, including the a section or ontry switches and 
place switches. 


One type. of gap switch consists of pieces of heavy wire or copper bars, 
approximately 6 feet long and preferably of unequal length, installed in the 
main firing circuit inside the mine but comparatively near the surface; this 
serves as an additional precaution to prevent power from entering the mine 
accidentally through the firing circuit, and the wide gap is a safeguard 
ageinst high-voltage current —- lightning, for instance - which might jump the 


gap of an ordinary switch. 
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Another type of gap switch in use is made by soldering sockets with 
flattened ends on the ends of the two main conductorse The gap is closed by 
inserting the flattened ends of the sockets into their respective contacts, 
to which are connected the outby sections of the main circuit leading to the 
master switch. When not in use the free ends of the 2 wires are disengaged 
from the contacts, bent backward, and locked in place, thus making a 5S= or 
é-foot gap in the main firings circuit. This switch is likewise underground 
but comparatively near the surface. = 


A tnird type of gap switch, used exclusively at one mine, is in the form 
of a gate made up of leinch yipe. The gate is supported by a 3-inch-piece 
timber set, and the wiring extends from 2 insulated contacts on the unhinged 
side of the gate through horizontal members of the gate to an intervening 
double-pole knife switch and thence to the master switch. When the gate is 
closed the contacts engage the terminals of the main underground firing cir- 
cuit. When not in use the gate is locked in the open position. It is 
located in the manway about 50 feet from the surface; in addition to serving 
as a gap in the main blasting circuit, when closed it prevents access to the 
mine throvgch the manway before blasting. | 


The section switch, which controls shooting lines of one or more panels 
or entire entries, makespossible the isolation of any section of district of 
the mine and also acts as an adtlitional safeguard against stray currents. 


The room switch is in the entry near or possibly just inside the room 
necke Lines of relatively small-diameter insulated wire are strung from this 
svitch to the face for the day's blasting; no» 10 wire is used on entries ana 
noe 1d wire in roomse 


All wires and switches: should be installed properly on insulators, and 
the supports holding them preferably should not carry any other source of 
electric current; some mines, however, make use of ordinary power lines, with 
relative safety, by properly installed switches and the enforcement of strict 
regulations concerning their use. 


Shot firers load and tamp the holes, connect the wires, close the 
several switches (at least three separate switches), and at the end of the 
shift, blast by means of a master firing switch on the surface after all men, 
including themselves, are out of the mine. When the mine is reentered to 
inspect the shots the switches are opened in the reverse order, and all 
switches except room or place switches are locked securely. ~ 


If the permissible limit for explosives has not been exceeded, if the 
proper precautions have been observed in the installation and maintenance of 
the system, and if reasonable care has been exercised in loading, tamping, 
and placing holes the possibility of the occurrence of a fire or an explosion 
is remote; there certainly is no likelihood of injury to a workman and no 
ehance of any extended disaster with heavy loss of life where the above 
system 1s installed and used carefully. 
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In blasting from the surface in the coal mines of Utah two types of master 
switches are used - the ordinary double-pole knife switch and a time-limit 
switch of the solenoid type. The latter type comprises three switchese The 
main switch is of the 2-pole type; before closing it, a plunger opcrating in 
a Slotted l-inch pipe is raised to the top of the slot and connected to the 
solenoid switch, which automatically releases the plunger when the 2-pole 
switch is closed. The plunger drops 6 feet 8 inches and opens a single-pole 
switcn, thereby breaking the main circuit in case the 2-pole switch is still 
closed; it is therefore impossible to maintain the current.on the firing cir- 
cuit for a longer period than that required for the plunger to fall - 0.640 
second or 645 milliseconds, without taking friction into consideration. ‘he 
current therefore remains on the firing circuit during this time. 


The question,:on which there is little authentic information, has often 
been raised concerning the minimum time required for an electric current to 
remain on the blasting circuit and yet fire the shots. The Bureau of -fines 
recently tested a number of shot-firing units equipped with a-special interior 
timing device which would allow the current to flow for approximately 5 milli- 
seconds (0-005 second). Five timing tests made on each of 10 different 
machines showed a variation in the average timing of each machine of 4.31 to 
6060 milliseconds, although the timing for any individual machine was rather 
close to the average. These machines were designed to fire a maximum of 10 
electric blasting caps in series. Two trials were made with one of the 
macnines, which had a timing of 4.31 millisecondse Five electric blasting 
cC2ps were used in series in each trial, with 60 ohms added resistance; tiere 
were no misfires. A particular clectric blasting cap, arbitrarily designated 
as G, was used in these tests. The electric blasting cap which fired &2 
milliseconds after the current was applicd was the first of the 10 to fire in 
the 2 trials. However, it should be remembered that there were 60 chms addea 
resistance, while in many shots fired within the mine the resistance is very 
mach lesse 


Other tests indicated that with a very low line-resistance these G clec- 
tric blasting cans would fire somewhat sooner -— in about 7 millisccondse ‘1s 
combination of a shot-firing unit, which cuts the current off the line in 
about 5 milliseconds, and of the G blasting caps, which under the most severe 
conditions - that is, with minimum resistance in the line - will not fire 
antil about 7 milliseconds have clapsed, is very desirable because the voltage 
is off the shot-firing lines before the shot fires; therefore, no centact of 
une cap wires, the connecting wires, or the shot-firing cable can result from 
the blast at the face while there is voltage on the line. 


Several types of electric blasting caps have been tested by the surcau 
of Mines. None of them except the G has a lag exceeding 5 milliseconds, and 
few even approach it; that is, they all function much faster than the Ge 


These data cannot be readily translated directly into firing a large 
rranver of shots simultancously outside the mine, but they indicate definitely 
that electric blasting caps can receive enough energy in an exceedingly bricf 
time with a very modcrate current - certainly much less than 1.5 ampereSe 
This information should be valuable in a thorovgh study on the reduction of 


23855 a 


Google 


[vCx.eoa7 


the time of avplication of the firing current as now used in the coal mines 
of Utane The time-limit shot-firing switch mentioned previously permits the 
current to remain on the firing circuit for 645 milliseconds. With the 
ordinary-type 2-pole master switch the current is applied to the firing cir- 
cuit for approximately the same length of time, depending somewhat on the 
agility of the operator. These tests indicate that if enough energy can be 
given to an electric blastiyg cay in 5 milliseconds (0.005 cf a second) the 
same principle can be Penprtes to blasting from the surface in Utan coal mines. 


The author neuleesd that there is considerable difference between firirg 
in serics, as in the foregoing tests, and firing in parallel; when blasting 
caps are fired ir series the same current passes through each bridge of eacn 
electric blasting cap, and when fired in parallel the current flowing throug: 
the different bridges may vary substantially. Most assuredly the current 
will vary substantially if the parallel circuits are wnbalancedy as they 
would be normally, because there may be much more resistance in one circuit, 
which determines the amount of current passing through one bridge of a cap, 
than in another circuit, which determines the amount of current passing 
through another bridge, perhaps in another and more remote section of tne 
mine. ‘here remains the difficulty, however, of making and breaking contact 
with currents of much higher values than were used in these experiments. 
Alternating current at 180, 220, and 440 volts potential is now used in firing 
circuits when blasting is done from the surfacce 


UNDERGROUND FIRING 
Wit suot-firers underground the shots .are fired by a battery or blasting 
macnine of the magnetic tyne, one or more holes being fired at one time. 
several hazards attend this method of blasting, although it is much safer 
than any blasting method permitting the mincr to blast as he desiress 


GSNERAL PRACTICES 


Although far from perfcct, practices in the storage, transportation, and 
usc of explosives in Utah coal mines are for the most part commendable; from 
a safety point of view few States equal and none surpasses Utah. This is © 
especially true of the aaa producerSe ) 


In detailing some of the’ more important explosives practices cormon to 
the coal mines of Utah consideration is not given to the small or "wagon" 
mines, which produce only avout 6 percent of the State's output. 


As a rule, magazines are substantially constructed of masonry, maintained 
free of accumulations of debris, well-ventilated, and with no electric wiring: 
With foy exceptions they are located in eomevinncs with provisions of the 
Lrierican Table of Distances (1919 revision). Explosives are transported into 
the mine in well-constructed and thoroughly insulated boxes carried in in 
23500 mine cars painted red and conspicuously marked «nd also brought in oy 
tue minacrs in canvas and rubberized fabric bags. Detonators are carried into 
the mine in special containers provided for that purpose by shot firers who 
usually walk into the mine. Wooden tamping bars and inert stemming (clay or 
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adobe) are usede The rules are that shot firers inspect the faces for the 
presence of methane before amafter blasting, and the face regions are wetted 
before blastinge In most mines the shot firers inspect the shot holes for 
depth, direction, and size before loading; such desirable inspection by 
trained shot firers is impossitle where the miners load and tamp the holes. 

referably all shot holes should be ins:-cted, loaded, tamped, stemmed to the 
collar, and wired as well as shot by shot firers. 


In loading holes it is customary to place the first stick flush with the 
collar, shove this stick ahead with the second, and then place the third sticx 
in the hole flush with the collar. The three sticks, including the primer, 
constituting less than the permissible limit of 1-1/2 pounds per charge, are 
then "pushed home" with the tamping bare Pushing the entire charge home in 
one operation is fairly adequate insurance against possible gaps between the 
sticks of explosive due to drillings that may not have been removed from the 
nole; the chances of a partly exploded charge are thus reduced mterially- 


Primers are made by inserting the detonator full length into tne side 
of the cartridge on an angle so that as far as is feasible the loaded end is 
about on the axial. line and directed toward the bulk of the charge when 
placed in the shot hole. The detonator is secured to the cartridge by taxing 
a nalf nitch around the latter with the leg wirese Shot firers of lon; ex~- 
perience claim that by this method there is much less likelihood of d-maging 
tne insulation of the leg wires by tamping than where the detonator is em- 
cedded in the end of the cartridge on the axial lines Furthermore, in‘side 
priming there is less danger that the detonator will pull out of the cart- 
ridge during the tamping than in end priming with the wrapper tied around the 
leg wires, | 


In the majority of Utah coal mines the three systems of wiring shots are 
series, parallel, and parallel-series, the two latter methods predominatinge 
re method in use at any particular mine apparently is based on the results 
of considerable experience and perhaps to some extent on personal preferenceée 
Regardless of the method used, the desired results probably are attained 
if judged by the percentage of missed si:ots. Theoretically, straight series 
Should be the most efficient method of wiring shots; however, the proponents 
of tne other methods, especially the straight parallel, present some convinc- 
ing evidence from a practical standpoint. 


Missed shots ordinarily are handled by first attempting to fire each 
cnarge by a blasting machine, with no one underground except the shot firerse 
If the shot again fails to explode a parallel hole is drilled, generally 
ander the versonal supervision of the fareman, a safe distance from the missed 
role and fired on the following shift. Meanwhile the detonator leg wires are 
disconnected from all wiring, "shorted" by twisting the ends together, and 
tucked into the collar of the missed holes The location of a missed hole is 
identified by a suitable marker, usually a piece of white paper protruding 
irom the collar. | 


If the charge in the parallel hole does not explode the charge in the 
missed hole, as is sometimes the case, it is decidedly hazardous to pick or 
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shovel into the loose coal, especially where mechanical loading is emmloyede 
-lowever, diligent effort is made to locate the cartridges from the missed nole. 


An instance is on record where an electric detonator was included in a 
domestic shipment of coal from a Utah mine to an adjoining State. When some 
of this coal was placed in a cookstove the detonator exploded, severely injur- 
ing one person; in consequence, the company making the shipment became the de- 
fendant in a heavy damage suite 


Another method of handling missed holes, employe’ to a very limited ex- 
tent, is to wash the stemming out through a nonsparking pipe attached to a huse 
and tnen remove the charges The primer and any cartridges outby may be pulled 
out by the detonator legs, and any remaining explosive can be removed with a 
wooden stick sharpened at one end. ‘If the wrappers of the cartridges, other 
than the primer, are slit before loading, the charge may be washed Oute After 
removal from the missed hole the explosive is taken to the surface and dispose 
of safely. 


ANALYSIS OF eres ACCIDEM'S 


Information has been obtained on all reported accidents (fatal and non- 
fatal) Pini loss of time of more than 1 day duc to explosives or their usc 
or misuse for the 15 years 1919-33, 

Data were ee on 19 of the larger producing companies, which are 
representative of the State; for the most part, those not listed were svall, 
intermittent producers. 


wable 1 gives the tonnage produced during this period, or for tnose por- 
tions of the period during which the particular company operated, the number 
of fatal and nonfatal accidents caused by blasting or explosives, and the 
rates per million tons produced for fatal and nonfatal blasting or explosives 
accidents figured separatcly for each companye Data for the companies that 
uow or formerly blasted from the surface with all men including the shot firers 
out of the mine and for those that blast with shot firers only underground 
are grouped in two periods ~ 1919-24 and 1925-33. The reason for the division 
-nto periods is that during 1924 blasting with the shift underground was pro- 
nibited and blasting from the surface was not introduced into some mines until 
.bout the latter part of 1924 or early in 1925. During 1924 electrical blast- 
~1f was adopted by all companies shipping by rail, while the small or wagon 
mines apparently were exempted. 


sone companies show a marked increase in the accident rates for the 
second period over those for the first, cspecially where they had no accicents 
~n the first period and one in the era Accidents attributable directly t- 
explosives are so rare in the State that an attempt to tabulate the rates by 
years for individual companics, unless exceptionally large, gives a rather 
~rreguler result; however, when rates for the entire State for these two 
periods are eumpared a marked decrease is evident for the period during whici 
all blasting was done with the shift out of the mine compared with the pericd 
wuen blasting was done in some mines with the working shift in the mincs. 
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the death rate per 1,000,000 tons for the first group of companies (those 
blasting from the surface) for the period 1919+24 was 0.15 compared with 0.02 
for 1925833. Likewise the injury rates per 1,000,000 tons for the two neriods 
were: lecl and 0.27, respectively. oe | 


The fatality rates for the second group of companies (those blasting fror 
underground) for the two periods were 0.31 and 0.22 and the injury rates 2ed1 
and 0689, respectively. 


Table 2 gives the accidents attributable directly to explosives, tabulated 
according to cause. These causes have been divided into 13 classese The first 
? classes form a group of accidents that might happen regardless of the metnod 
of blasting; the last 6 are due directly to the method of blasting and are 
unlikely to occur if blasting is done from the surface. 


Where surface blasting is employed the general’practice in case of missea 
holes is to disconnect all wiring, mark the holes, and blast them from the 
surface on the succeeding shift. This. procedure, hovever, is not always 
followed; in some instances shot firers fire missed holes with a blasting device 
before the shift enters the mine. . 


Regardless of the type of electrical blasting employed, there is always 
tne possibility of a premature shot from stray currents, improperly made 
primers, or tamping the shot too vigorously. | 


When surface blasting was introduced in the-different mines is not known 
definitely; accidents from unguarded or premature shots were possible early 
in the second period (1925-33) before this method of blasting was adopted. 


The total. number of accidents for:1919~24, before the adoption of elec=- 
trical blasting and at a time when shooting during the-werking shift was 
common in some mines, was 51 comm.red with a total, of 23 -in 1925~33-6 


During 1925-33 the 6 commanies blasting from the surface produced 61 per- 
cent of the tonnage and can be charged with only 34 percent of the accidents. 
Moreover, some of the accidents occurred in mines that blasted during the 
shift; the company operating these mines used surface blasting in most of its 
properties. i 


Six of the 12 fatalitics during the lo years 1919-33 occurred in 1939, 
woich had by far the worst record for any year covered by this report. 


Table 1 lists only 11 fatalities, although 1 fatality not rocorded in 
‘he table occurred in 1930 in o wagon mines Wagon mines produce approximately 
£ pereent of the Statets tonnage’, ‘and with only the 1 fatality their explosives= 


accident record has been unexpectedly good. 


Jf the 6 fatalities in. 1930 the first 2 resulted from the same accident. 
an entry was being driven through a rock fault several. hundred feet in width; 
after a round cf shots had been blastad the men were disging in the loose rock 
when some Loose explosive wes struck by a pick and detonated. In addition to 
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the 2 killed, 1 man was injured severely but recovered. One of the shot holes 
was cut off by the initial blast before the explosive was detonated, and part 
of the undetonated explosive became mixed with the "mack"; 14 sticks of ex- 

. plosive were found in the hole. 


The second accident, which resulted in 3 deaths and 1 injury, occurred 
during the sinking of a rock slope. A missed hole containing 16 sticks of 
f0-percent straight dynamite, the prese:ce of which was apparently unknown, 
was left in the bottom from a previous shift. The unoroken rock formed ‘an 
obstruction to the proper extension of the track. It was then decided to 
drill and blast the projecting rock. Accordingly, a hole was started direct- 
m above and at right angles to the missed hole; the explosion followed when 

ne drill struck the missed charge. 


The third’ accident, which resulted in the death of 1 man, occurred ina 
en wagon mine under lease. The victim of the accident had drilled a shot 
cole near the top of the coal bed, which was 10 feet thick, and had charged 
it with 2 pounds of black blasting powder. Squibs were used to ignite the 
chargee Because of the height of the shot hole above the floor the deceased 
Supposedly fastened a carbide lamp to the handle of a blasting needle and was 
attempting to light the squib at the tip ond. Presumably the flame of tne car- 
dide lamp came in contact with the body of the squib, perhaps’an inch from the 
cid, and fired the charge before the victim had an opportunity tc seex refuge 
fromine blast. 


It is interesting to note that of these 6 fatalities 5 occurred while 
driving through rock, which might indicate that the coal miner is less adept 


in such work than the more experienccd metal minere Such explosives accidents 
now the necessity for keen mental alertness, effcetive supervision, and rigid 
fisenvence of the State mining laws if they are to be preventcde 


SUGGESTIONS FOR REDUCING EXPLCSIVES ACCIDENTS 
A few outstanding sugzestions are offered to prevent explosives accidents: 


l. Maintain blasting schools for educating the supervisory force, includ 
ing foremen, fire bosses, and shot fircrs. 


ee Buy explosives in such quantitics that they can be used while still 
freshe 


3e Store explosives in a cool, dry place and ina senarate magazine frem 
ictonators. 


4. Use only extra-low-freezing permissible explosives which require no 


De iiveetseies thoroughly and report all accidents involving explosives 
or methods:‘of firings 
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66 Hlectrically short-circuit the leg wires of eleetric aap mened by 
twisting or otherwise and maintain the short circuit until ready to connect 
to tne shot-firing cable. 


?e Electrically short-circuit the battery end of the shot-firing cable 
by twisting or otherwise and maintain the short circuit until ready to ccn- 
nect to the source of the electric current. 


8. test the shot-firing cable before connecting it to the electric 
detonator to make sure that no current is on the cable. 


Je Use locked safety switches on all ‘permanent shot-firing lines. 


10. Disconnect the source of electric current from the snot-firing cable 
immediately after firing a blast and immediately after a misfiree 


ll. As a precaution against misfires maintain the perm anent and temporary 
firing lines in first-class condition by using a high-quality insulated wire 
and inspect frequently. 


l2e Tamp all holes to the collar with incombustible material free of shar 
or angular piecese 


13. As a precaution against premature explosions do not tamp explosives, 
primers, and stemming very vigorously. 


14e Use only wooden tamping bars; they should not be shod with or have 
handles of metal. 


15. The location of magazines should Be governed strictly by the American 
Table of Distances (1919 revision). 


CONCLUSIONS 


Commanies instituting methods of blasting from the surface and following 
them carefully and conscientiously have had noticeably low accident ratese 
Unquesticnably at one time one or more gassy mines employing this metnod 
tended to load the shot holes beyond the limit of permissible explosives and 
also failed to consider depth and location of shot holes. With proper super- 
vision and rigid discipline such obviously unsafe practices can and sould de 
eliminated. 

From an economic viewpoint some of the factors determining the advisa- 
bility of surface blasting are thickness of bed, amount of methane given off, 
and efficiency of supervisory forcee A bed of such thickness that two or 
more lines of shot holes are required across a face has the essence of de- 
pendent shots in all above the lower line. If the mine is gassy delay—actior. 
detonators cannot be used, and an extra brattice crew is required to replace 
the line canvas at the faces where all shots are fired simultaneously. If 
the bed is thick and the mine is classed as nongassy delay-action detonatcrs 
Sometimes are used in the upper lines of snot holes, line canvas, of cours, 
not being necessarye 
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Where human life is involved, and unquestionably life should be the 
first consideration, the safest known method of using explosives to bring 
down coal is to blast from the surface while all men are out of the minc. 
4 further reduction in explosives accidents could be expected if surface 


blasting were adopted more generally. 


Although the progress of safety usually can be measured by the yardstick 
cf costly experience much credit is due the coal industry of Utah for the 
adoption of the safest known blasting practices for coal mining, and any 
tendency toward a return to the obsolete and hazardous practice of blasting 
with the shift underground would be a regrettable and grave mistake, one 
lixely to result in heavy loss not only of life but of property as well. 
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